Charmonium absorption cross section by nucleon 
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The J/tp absorption cross section by nucleon is studied using a gauged SU(4) hadronic Lagrangian 
but with empirical particle masses, which has been used previously to study the J/tp absorption 
cross section by pion and rho meson. Including both two-body and three-body final states, we find 
that with a cutoff parameter of 1 GeV at interaction vertices involving charm hadrons, the J/tp — N 
absorption is at most 5 mb and is consistent with that extracted from J/tp production from both 
photo-nuclear and proton-nucleus reactions. 

PACS numbers: 25.75.-q, 13. 75. Lb, 14.40. Gx, 14.40.Lb 
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I. INTRODUCTION 



Two main mechanisms for J/iJj suppression observed 
in relativistic heavy ion collisions pi are the dissociation 
by the quark-gluon plasma H] and the absorption by co- 
moving hadrons, mainly pions and rho mesons |^. The 
cross sections of J/ip absorption by hadrons are, unfor- 
tunately, not well determined. In the perturbative QCD 
approach 0, based on the dissociation of charmonium 
bound states by energetic gluons inside hadrons, the dis- 
sociation cross section increases monotonously with the 
kinetic energy of hadrons and has a value of only about 
0.1 mb at 0.8 GeV. On the other hand, both the quark- 
interchange model g] based on the gluon-exchange po- 
tential and the meson-exchange model &-@l based on 
hadronic Lagrangians give J/i/' absorption cross sections 
by pion and rho meson which are more than an order of 
magnitude larger, i.e., a few mb. A similar magnitude 
for the J/4> — TT absorption cross section has also been 
obtained in the QCD sum rules M. 

Since the J/iJj absorption cross sections by pion and 
rho meson cannot be directly measured, it is useful to 
find empirical information which can constrain their val- 
ues. One such constraint is the J/tp absorption cross 
section by nucleon, as this process can be viewed as J/ip 
absorption by the virtual pion and rho meson cloud of 
the nucleon. From J/^p production in photo-nucleus re- 
actions, the cross section of J/^ absorption by nucleon 
can be extracted, and its magnitude has been found to be 
about 4 mb fin] . The J/^p — N absorption cross section 
has also been extracted from proton-nucleus collisions at 
proton energies from 200 to 800 GeV, and the empirical 
value is about 7 mb n^. 

In the meson-exchange model of Refs. |6|-|^], the in- 
teraction Lagrangians between pseudoscalar and vec- 
tor mesons are obtained from the SU(4) invariant free 
Lagrangian for pseudoscalar mesons by treating vec- 
tor mesons as gauge particles. This then leads to not 
only pseudoscalar-pseudoscalar-vector-meson couplings 
but also three- vector- meson and four-point couplings. 
Since the SU(4) symmetry is explicitly broken by hadron 
masses, empirical hadron masses are used in the La- 
grangian. Furthermore, values for the coupling constants 
are taken either from empirical information if they are 



available or from theoretical models, such as the vector 
meson dominance model and the QCD sum rules. Other- 
wise, they are determined by using relations derived from 
the SU(4) symmetry. In this paper, we shall generalize 
this Lagrangian to study the J/ip absorption cross section 
by nucleon and to see if its magnitude is consistent with 
that extracted from J/^p production in photo- nucleus and 
proton-nucleus reactions. 

This paper is organized as follows. In Section |ll[ we 
first consider J/ijj absorption by nucleon via pion and rho 
meson exchange. The process of J/ijj absorption by nu- 
cleon via charm exchange is studied in Section pi The 
effect due to the anomalous parity interaction of J/ip with 
charm mesons is studied in Section [V . In Section M, the 
total J/ip absorption cross section by nucleon is given. 
Finally, conclusions and discussions are given in Section 



VI. An Appendix is included to derive the SU(4) rela- 
tions for some of the coupling constants involving charm 
hadrons. 



II. J/iP ABSORPTION BY NUCLEON VIA PION 
AND RHO MESON EXCHANGE 



Possible processes for J/ip absorption by nucleon in- 
volving its virtual pion and rho meson cloud are J/^jN -^ 
D*DN{D*DN), J/ipN -^ DDN, and J/^jN -^ 
D*D*N, as shown by the diagrams in Fig. H^. The cross 
sections for these processes can be evaluated using the 
Lagrangians introduced in P-pl for J/ip absorption by 
real pion and rho meson and in Ref. |l2[ for charm me- 
son scattering by these hadrons. 

The interaction Lagrangian densities that are relevant 
to the present study are given as follows: 

C-jtNN = -ig^NNNj5TN ■ tt, (1) 

CpNN = gpNNN{-f^T ■ pp + £^'^'"'f ■ d^p,)N, (2) 

C^DD' = i9.DD'D*^T ■ {Dd^TT - d,,Dn) + H.c, (3) 
CpDD = igpDD{Dfd^D ~ dpDrD) • p^, (4) 

CpD'D' = igpD'D'[{dpD*''fDl - D*''fdp,Dl) ■ p^ 

+ D*^{T-(rdpD:-f-dp(rDi)i (5) 



+ D*>^{rd^Di-d^rD:i 

Ct,^dd' = -g7r4,DD--ip^'{D*^TD + DfD*^) ■ 7?, 
Cp^D'D' - gp^D'D'irDtrD; + VDlfDl 



(6) 



(7) 
(8) 
(9) 

(10) 



In the above, r are Pauli spin matrices, and n and p, de- 
note the pion and rho meson isospin triplet, respectively, 
while D = iD",D+) and D* = {D*",D*+) denote the 
pseudoscalar and vector charm meson doublets, respec- 
tively. The J/ip is denoted by i/j while N represents the 
nucleon. 
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(la) 



N J/\|/ 

(lb) 
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(2a) 



N J/v 

(2b) 



(3a) 



N J/\|/ 

(3b) 



X (Afia+Mi6 + Mie), 



(12) 



M2 = gpNNN{p3) 



X N{pi) 
1 



{Pl ~P3)p{Pl -Pi)u 



t — m?p 



-gp<^ 



{M^a + M^, + M^J, 



(13) 



where pi and pa are the four momenta of the initial and 
final nucleons, respectively. In the above, Mia, Mu, Mic 
are the amplitudes for the subprocess nip -^ D*D in the 
top three diagrams of Fig. |l|, while M;^^, M^j,, M|'j, are the 
amplitudes for the subprocesses pip —> DD in the middle 
three diagrams. The amplitude for the third process has 
a similar expression as that for the second process with 
M^a,M^b, M^c replaced by M^^, M^^, M^„ which are the 
amplitudes for the subprocess p^ -^ D*D* in the bottom 
three diagrams. Expressions for these amplitudes can be 
found in Ref. §. 

The cross sections for these processes with three par- 
ticles in the final state can be expressed in terms of the 
off-shell cross sections of the subprocesses described by 
the amplitudes Mi, M2, and M3. Following the method 
of Ref. ^ for the reaction NN -> NKK, the spin and 
isospin averaged differential cross sections for the first 
two processes in Fig. y can be written as 



dtdsi 



^ (^■^4,^D'D{si,t), (14) 



da. 



■iiN-^NDD 



dtdsi 



pNN , , — ^pNnW r./, , x2 



327r2sj9f"^"'(t-m2)2 



p' 
X {-t 2rn%)4 ^^-f;''^' + 4(1 + n,) 

X Kp(4TO^-i)] crp^^£,£,(si,t), (15) 



FIG. 1. J/'i absorption by nucleon via pion and rho meson 
exchanges. 

For coupling constants, we use the empirical values 
gTTNN = 13.5 J|l|], gpNN = 3.25, and Kp = 6.1 Q, and 
g-uDD' — 4.4 [ [15[ . From the vector dominance model, we 
have gpDD = gpD'D' = 2.52 and g^oD = giiD'D' = 7.64 
m. For the four-point coupling constants, we relate their 
values to the three-point coupling constants using the 
SU(4) relations 0, i.e., 

g-RtiiDD* = giTDD'-g-4>DD, gp-4>DD = 2 gpDDg-i>DD, 

gptpD'D* — gpD*D'gtpD*D'- (n) 

The amplitudes for the first two processes in Fig. Q^ are 
given by 



Ml = -ig-nN nN {p:i)-izN {pi) 



1 



and the differential cross section for JipN — > D*D*N is 
similar to that for JipN -^ DDN with (Jp,j,^jji){si,t) 
replaced by <Jp^_^D,£,,{si,t). 

In the above, pi is the center-of-mass momentum of 
J/f/) and N, t is the squared four momentum transfer, 
and si and k are, respectively, the squared invariant mass 
and center-of-mass momentum of tt and J /ip in the pro- 
cess J/tpN — > D*DN or p and J/tp in the processes 
J/i;N -> DDN and J/^pN -^ D*D*N. We have also 
introduced form factors F^a^tv and Fpj\jN at the ttNN 
and pNN vertices, respectively. As in Ref. |1^, both are 
taken to have the monopole form, i.e.. 



Fi(t) 



A2 



A2-f 



(16) 



t — mi 



where m is the mass of exchanged pion or rho meson, 
and A is a cutoff parameter. Following Refs. |0,n, we 
take A^jvAf = 1.3 GeV and Ap^N = 1.4 GeV. 



The cross sections cr^^^£,.^(si, t), a 



'pip^DD 



(si, t), and 
(Jp^^jj^Q. (si, i) are the spin and isospin averaged differ- 
ential cross sections for the subprocesses -Ktp -^ D*D, 
fnp -^ DD, and p^ -^ D*D* with off-sheh pion or rho 
meson. Explicit expressions for these cross sections can 
be obtained from Ref. by replacing the square of pion 
or rho meson masses by i. In evaluating these cross sec- 
tions, we also introduce form factors at the interaction 
vertices. Following Ref. 0], the form factors at three- 
point t channel and u channel vertices, i.e., -kDD* , pDD, 
pD*D*, 'ipDD, and ipD*D* that involve heavy virtual 
charm mesons, are taken to have the following form: 



i^2(q') = 



A2 



A2 



(17) 



instead of the monopole form of Eq. (16). In the above, 
q is the three momentum transfer in the center-of-mass 
of ip and pion or rho meson. 

The form factor at four-point vertices, i.e., nipDD*, 
pipDD, and pipD*D*, are taken to be 



/4 



A? 



Af+ < q2 > 



A2 



Ai- 



< q2 > 



(18) 



|0,||, we have evaluated the cross sections for J/i/i ab- 
sorption by nucleon, and they are shown in Fig. g as 
functions of total center-of-mass energy. It is seen that 
all cross sections are less than 2 mb. Furthermore, the 
cross section for J/tpN -^ D*DN and J/tpN -^ D*DN 
(solid curve) due to pion exchange is larger than those for 
J/^N -^ DDN (dashed curve) and J/ipN -^ D*D*N 
(dotted curve) that are due to rho meson exchange. 

Our result for ctj/tpn^ddn is order-of-magnitude 
smaller than that of Ref. ||l^, where this processes is 
viewed as the elastic scattering of a nucleon with one of 
the charm mesons from the decay of J /ip- The latter 
cross section is then assumed to have a constant value 
of 20 mb. Compared to our approach, they have ne- 
glected both the energy dependence and the off-shell ef- 
fect of the subprocess involved in J/-0 — N absorption 
to three-body final state. Also contributing to this large 
difference in the cross section is the value of cutoff pa- 
rameter, 3.1 GeV in Ref. ||l^ versus 1 GeV used here, 
and the different momentum dependence, four momen- 
tum transfer in Ref. |17| while three momentum transfer 
in the present study. We note that the more important 
processes J/* -^ D*DN{D*DN) and J/* -^ D*D*N 
are not considered in Ref. ITtI . 



where Ai and A2 are the two different cutoff parameters 
at the three-point vertices present in processes with the 
same initial and final particles, and < q^ > is the average 
value of the squared three momentum transfers in t and 
u channels. 
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■J/vN-->D*bNorD*DN 
J/vN-->DDN 
J/vN-->D*b*N 




III. J/t/i ABSORPTION BY NUCLEON VIA 
CHARM EXCHANGE 

Besides absorption by the virtual pion and rho meson 
cloud of a nucleon, J /ip can also be absorbed by the nu- 
cleon via charm exchange in the reaction JipN — > Z)Ac 
and JipN -^ D*Ac shown by the diagrams in Fig. y. 
These processes involve the following interaction La- 
grangians: 



^DNAa 
^D'NAa 



igDNhANl5^cD + DAcj5N), 

5^A,A,Ac7^f/'MAc- 

where Ac denotes the charm baryon. 



(19) 
(20) 
(21) 




(GeV) 



N J/\|/ N J/V|/ 

(4a) (4b) 



D* 



FIG. 2. J/ip absorption cross sections by nucleon due to 
the virtual pion and rho meson cloud of the nucleon as func- 
tions of center-of-mass energy. 

Using the same value of 1 GeV for cutoff parameters 
in the form factors involving charm mesons as in Refs. 




N J/y N J/y 

(5a) (5b) 



FIG. 3. J/ip absorption by nucleon via charm exchange. 



The amplitudes for these processes are given by 



M56 = Ml^^e2t,ei^. 



Mia 
M4b 
M5a 



(22) 
(23) 
(24) 
(25) 



with e2fi and £4^ being the polarization vectors of J/^p 
and D* , respectively, and 



Mil = 2 



1 



igipDogoNAa 



t — m|, 



p^Ae(p3)75iV(pi), (26) 



M^b = i9DNA^94,A^A^-^c{P3h^ 



m\ 



u — m. 



■l5N{pi), 



Mra = 



'9D* NA^g^jD' D* -^dPsh" N{pi) 
{Pl -P3)a{Pl -P3)p' 



9a0 - 
1 



m 



D* 



t — w?^. 



[P2/^-(p2+P4)V"^+2p^/''] 



<: 



9d'NA^9^a,aAc{P3)i^ ^YN{pi) 



(27) 
(28) 



'Ac 



In the above, q = pi — p^, and s = (pi + ^2)^ and 
t = {pi — ps)^ are the standard Mendelstam variables. 

The spin and isospin averaged differential cross sec- 
tions for these two-body processes are then 



da. 



da, 



ijiN-^DAc 

dt 

tl)N^D'A^ 

~dt 



1 



GAnspf 

1 
QAnsp^ 



\Aha+M 



4b\ 



Afga + MshP, 



(29) 

(30) 



where |M4a -|- M^bl'^ and \M^a + -^^shP can be evaluated 
using the software package FORM |l8[ . 
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FIG. 4. J/tp absorption cross sections by nucleon due to 
charm exchange as functions of center-of-mass energy. 

The coupling constants goNA^, 9d'NA^, and g^A^Ac 
can be related to known coupling constants gT^NN and 
9pNN using the SU(4) symmetry as shown in the Ap- 
pendix. Using gTrNN — 13.5 and gpNN = 3.25, we then 
have goNA, = 13.5, go'NA^ = -5.6, and .gv-A^A, = 
— 1.4. We again introduce monopole form factors of 
Eq. (n^ at the vertices with cutoff parameter A = 1 
GeV. The resulting cross sections for ipN -^ DKc and 
TpN — > D*Ac are shown in Fig. H by the dashed and 
solid curves, respectively. Their values are seen to be less 
than 1 mb. Furthermore, crj/^jy^^,.^^ is much larger 
than CTj/^jv-^DAe due to the three vector mesons cou- 
pling, which has been shown to increase significantly the 
J/ip — TT absorption cross section as well [M . 

In Ref. fr^, only diagram (4a) in Fig. pl has been 
studied, and the result there is about a factor of 4 larger 
than our cross section for J/ipN -^ 5 Ac, which includes 
also diagram (4b). The larger cross section in Ref. 11^] 
is again due to both a larger cutoff parameter of 2 GeV 
versus 1 GeV used here and the use of four momentum 
instead of three momentum transfer in the form factors. 
Our total J/ip — N absorption cross section due to charm 
exchange is, however, larger as we have also included the 
more important processes shown by diagrams (5a) and 
5(b). 



IV. ANOMALOUS PARITY INTERACTIONS 

There are also anomalous parity interactions of J/^p 
with charm mesons S, i.e.. 



C^D'D = gi,D^Deo.fipAd''i'n[{d^D*'')D 



(31) 



which not only introduces additional diagrams for the 
processes shown in Fig. |l| but also leads to the reactions 
J/ipN -^ DKc via D* exchange and J/ipN -^ D*Ac via 
D exchange shown by the diagrams in Fig. |g. 



D 



A 



D' 



D^ 



D 



N 



(6) 



J/\\f 



N 



J/y 



(7) 



FIG. 5. J/ip absorption cross section by nucleon via charm 
meson exchange through the anomalous parity interaction. 



As shown in Ref. |g[, the anomalous interaction is 
not important for J/^ — p absorption and increases 
the J/tp -— TT absorption cross section by only about 
50%. Thus, inclusions of additional diagrams due to 
the anomalous parity interactions in processes involving 
three-body final states shown in Fig. yj will probably in- 
crease the J/ip — N absorption cross section calculated 
here by less than 50%. 

The amplitudes for the process J/ipN — > DAc and 
J/ipN -^ D*Kc are given by 






(32) 
(33) 



with e2fi and e^i, being the polarization vectors of J/tp 
and D*, respectively, and 



M>t 



-g^iD 



'DgO'NA,- 2-^'"'°''^P'io,{Pl -Pz)l3 



' t — m\, 



X A,(p3)7^iV(pi), 



Af; 



jt^U 



^gipD'ogoNAa 



t — m 



/il/Q/3 

2-£ P2aPip 

D 



X Kc{ps.)i5N{pi). 



(34) 
(35) 



Because of the anomalous parity in the ^£)*£) vertex, 
the process J/'^N — > DAc via D* exchange does not in- 
terfere with the similar process via D exchange shown in 
Fig. 0. The differential cross sections for the two anoma- 
lous processes in Fig . are given by similar expressions 
as Eqs. (H) and (|o|) with 



iMf 



2 2 

1 2 _ 9^D*d9d''NA^ 



I2ml 



{4m2[2(r 



i-N 



X [{ml + ml - uf - {s-m%- mif] 



[2(m 
^(™L 



2 , 2 



- U 

)~t]{2m. 



i-N 



+ S- 



2[{mN 



X [4m^i - (2m| + 



21 



I'M 



+ ml^-u-s)']}, (36) 



and 



IMv 



2 2 

g^fD^DgONAa 



6ml 



it 



7t^[(to7v 



toaJ^ 



'D 



[{r 



Ml, - tf - m^ 



j^m^.j. 



t] 
(37) 



where u = (pi — p^)"^ . 

The coupling constant in the anomalous parity inter- 
action has been determined to be g^oD- — 8.61 GeV~^ 
from the radiative decay of D* to D using the vector dom- 
inance model S . With a monopole form factor similar to 
Eq. (p^ ) at the D*NAc vertex and a cutoff parameter of 
1 GeV, the cross sections for the reactions J/tpN -^ DAc 
due to D* exchange and J/ipN -^ D* Ac due to D ex- 
change are shown in Fig. p. Their values are seen to 
be less than 0.15 mb, which is negligible compared to 



the contributions from the normal interactions studied 
in Sections |l| and [II . 
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FIG. 6. Contributions of the anomalous interaction to J/^jj 
absorption cross sections by nucleon as functions of cen- 
ter-of-mass energy. 

We note that the two processes in Fig. g due to 
the anomalous interaction have also been studied in 
Ref. ||l^. Their coupling constant is related to ours by 
g^iiDD* /rnj/^, where vij/^p is the mass of J/4'- Since 
they assume that g,pDD-* ~ g-4>DD ~ 7.64 based on an 
incorrect quotation from Ref. ||l^, the strength of the 
anomalous coupling constant in their study is only 2.47 
GeV~^ and is about a factor of 3 smaller than that used 
here. However, they have used a much larger value for 
go'NAa = —19 than that given by the SU(4) relation. 
As a result, their cross section for diagram (7) in Fig. 
^ should have a similar magnitude as ours while that of 
diagram (6) should be larger than our value. Because of 
the larger value of cutoff parameter of 2 GeV and the use 
of four momentum transfer in the form factor, the results 
in Ref. |lj] from the anomalous interaction turn out to 
be order-of-magnitude larger than ours. 



V. TOTAL J/tP ABSORPTION CROSS SECTION 
BY NUCLEON 



The total J/ip absorption cross section by nucleon, ob- 
tained by adding the contributions shown in Figs, g 
and is given in Fig. M. At low center-of-mass en- 
ergies, the cross section is dominated by the process 
J/ipN — > D*Ac while at high center-of-mass energies, the 
processes J/^pN -^ D*DN and J/tpN -^ D*DN due to 
the virtual pion cloud of the nucleon are most important. 
The total J /ip absorption cross section is at most 5 mb 



and is consistent with that extracted from J /ip produc- 
tion in photo- nucleus and proton- nucleus reactions. 



Total J/\|/-N absorption 
cross section 




s'" (GeV) 



FIG. 7. Total J/ip absorption cross sections by nucleon as 
functions of center-of-mass energy. 



pirical value from J /ip production in photo-nucleus and 
proton-nucleus reactions. With this cutoff parameter, 
the J/'0 — TT absorption cross section is also about 10 mb 
as shown in Ref . [[7| . Since the meson-exchange model is 
based on effective hadronic Lagrangians, one can either 
fit the empirical J /ijj — N absorption cross section by 
treating the cutoff parameter as a phenomenological pa- 
rameter, or use the cutoff parameter from the QCD sum 
rules but with a different effective Lagrangian. In the 
former case, a cutoff parameter of 1 GeV is required at 
the interaction vertices involving charm hadrons in order 
to have the correct J/'i/'w absorption cross section. The 
meson-exchange model of Ref. [Q then gives a J/tp — tt 
absorption cross section of about 3 mb, which is also con- 
sistent with that used in the comover model for J/tp sup- 
pression in heavy ion collisions P,pl|. In the latter case, 
one may follow the suggestion of Ref. [g2| to drop the 
nongradient pion couplings in the effective Lagrangians, 
as they breaks the chiral SU{2) x SU{2) symmetry. As 
shown in Ref. [E2|, neglecting these terms reduces the 
J/ip — n absorption cross section by about a factor of 
two, leading again to a J/ip — tt absorption cross sec- 
tion similar to that in the comover model. The J/ip — N 
absorption cross section obtained with such an effective 
Lagrangian is expected to be reduced as well. 



VI. CONCLUSIONS AND DISCUSSIONS 
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the SU(4) symmetry. With these values, cr, 
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ijiN^D'K 
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APPENDIX 



In the SU(4) quark model, baryons belong to the 20- 
plet states. These states can be conveniently expressed 
by tensors (pfj,ux |23|, where /i, v, and A run from 1 to 4, 
that satisfy the conditions 



(t>tj.,yX + (puXtj. + (pXf^u ^ 0, (PtifX^ (pupiX- 



(38) 



For baryons without charm quarks, i.e., belonging to 
SU(3) octet, they are given by 



P = (pll2: n = (p221, A = 



^'321 — (P312) 



IJ223, 



^ = '?'331 , ^ 



f332- 



(39) 



For baryons with one charm quark, they are 



E" 



]++ = 0114, S+ = ,^124, ^° 
2+ = 0134, S° = 0234, 



/'413-043l), ^c' = \/^(</'423 - 0432), 



A:r == W -(0421 -0412), f^2 = 0334. 



For baryons with two charm quarks, they are 

S++=044i, S+ = 0442, rj+='/'443- (41) 



Mesons in the SU(4) quark model belong to the 15- 
plet. In the tensor notations, pseudoscalar and vector 
mesons are expressed by P? and V^, respectively. For 
pseudoscalar mesons, we have 

K+^Pf, K"^Pi, K~=Pl, K° = Pi, 

D+=Pl D"^Pl D-=P^, D'^^Pt 

Dt^Pl D-^Pl 
1 



T) = ^{pl + pi-2Pi), 



1 



{Pl + p^ + pl-ipt). 



(42) 



Similarly, we have for vector mesons 

K*+ = Vf , K*° = Vi, K*- = V^, K*° = Vi, 
D*+ = Vi, D*° = Vl, D*- = Vi, D*° = V^^, 

^s — ''4 1 ^s — ''3 ' 






(43) 



In tensor notations, the SU(4) invariant interaction La- 
grangians between baryons and pseudoscalar mesons as 
well as between baryons and vector mesons can be writ- 
ten, respectively, as 

CPBB - 5p(a'/'*"'^''75Pf 0/3M- 

-f6V*"^''75Pf0;3.M)> (44) 

+d0*"'^"^7 • vUp,^), (45) 

where gp and g^ are the universal baryon-pseudoscalar- 
meson and baryon- vector-meson coupling constants, and 
a, 6, c, and d are constants. 

Writing explicitly, we obtain the following interaction 
Lagrangians, 



C 



PBB = gp 



1 5 - 

^(a b)N^5f-7rN 

V2 4 ^ ' 



+ ^(6 - a)(7V75if A -K iV755A,) + 

o 



(46) 



(40) /:,/BS = .g. 



_L(c_^d)7V7^pMiV 



+ ^(rf-c)(iV7^X*^A + 7V7^^^*A,) 



+ %-^+ld)Acl^.rAc 



(47) 



The baryon-pseudoscalar- meson coupling in SU(3) is 
usually written as DTr[[BB + BB)M] + FTr[{BB - 
BB)M], where B and M are the baryon and pseudoscalar 
meson octet. In terms of the ratio an = 2/^^ ^ ^)' 
which has an empirical value of about 0.64 ||2J], we then 
have the following relation between g-^NN and gxNA in 
the Lagrangians Lttnn given by Eq. (|l|) and Cknk = 



gxNA 



2aD 



V3 



-g-rrNN, 



(48) 



Comparisons with the SU(4) relations in Eq. (Eo) then 
gives 



3 — San 
6- lOaz?' 



(49) 



The baryon-vector-meson coupling is usually intro- 
duced through minimal coupling by treating vector 
mesons as gauge particles. In SU(3), this leads to 
the following relation between gpNN and gK*NA in the 
Lagrangians CpNN given by Eq. (0) and Ck'NA = 
gK'NANjf,Ak*: 

gK*NA = -VigpNN- (50) 

Comparing with the SU(4) relations in Eq. ([47|), we have 



Using Eqs. (|49|) and (|l]) in Eqs. (|6|) and (^ 
then have 



(51) 



we 



goNA, 

ffi^AcAc 



3-2aD 

gpNN 



'HNN, 



gO'NAc 



-V3g^ 



'pNN, 



(52) 



for the coupling constants in the Lagrangians given by 



tor tne coupling constai 
Eqs. dll), (@), and (|l|: 
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